such questions requires a densely sampled and wellsupported phylogenetic hypothesis. Although the broad outlines of relationships within Cymbidieae were revealed by the rbcL/matK analyses of Freudenstein et al. (2004) and summaries of Chase et al. (2003) , both of these studies were constrained by low taxon sampling and low bootstrap support for many clades. The most recent publication of the Genera Orchidacearum series (Pridgeon 2009 ) provided a concise and authoritative summary of knowledge of this clade that includes 11 subtribes. Phylogenetic trees for Neotropical Cymbidieae published in that volume were based upon our nrITS/matK/ycf1 data sets that were unpublished and included many sequences not deposited in GenBank. In attempting to rework these data for publication, we decided that attempting to align nrITS sequences across the entire tribe was unrealistic due to high levels of sequence divergence, and instead to concentrate our efforts on assembling a larger plastid data set based on two regions (matK and ycf1) that are among the most variable plastid exon regions and can be aligned with minimal ambiguity across broad taxonomic spans. Although various plastid spacer regions such as trnL-F or atpBrbcL are more rapidly evolving (Shaw et al. 2005) , they (like nrITS) are difficult or impossible to align with confidence across Cymbidieae. In this paper, we present phylogenetic analyses of ca. 280 taxa of Cymbidieae including representatives of 10 subtribes and most genera (excluding many Oncidiinae) utilizing the majority of the matK exon and a ca. 1500 base pair (bp) portion of the 3' end of ycf1. Phylogenetic relationships within Oncidiinae were addressed in detail by Neubig et al. (2012) . Relationships within Maxillariinae were studied using nrITS/matK/atpBrbcL spacer by Whitten et al.(2007) , and the Bifrenaria clade was analyzed in more detail using nrITS/trnL-F by Koehler et al. (2002) . Zygopetalinae relationships were previously studied using nrITS/matK/trnL-F (Neubig et al., 2009b; Whitten et al., 2005) . LANKESTERIANA methods Most matK sequences were downloaded from GenBank from previous studies of Cymbidieae subtribes. Additional sequences were generated using primers matK-19F (CGTTCTGACCATATTGCACTATG) and matK 1520R (CGGATAATGTCCAAATACCAAATA) and the amplification and sequencing protocols of Whitten et al. (2007) . A ca. 1500 bp portion of 3' portion of ycf1 was amplified and sequenced using the primers and protocols in Neubig et al. (2009a) . A list of taxa, vouchers, and GenBank numbers is presented in Table 1 . Matrices were aligned using Muscle (Edgar, 2004) followed by manual adjustment of gaps to maintain reading frame using Se-Al (Rambaut 1996) . The matK matrix was trimmed to eliminate a region of ambiguous alignment in the first 100 bp. Polystachya was chosen as the outgroup based upon broader sampling (Neubig et al. 2009a ). Matrices and a list of vouchers are deposited in the Dryad Digital Repository (http://doi.org/10.5061/dryad.2rm60) or are available from the author. The resulting combined matrix consists of 288 ingroup taxa and 1 outgroup (Polystachya); the aligned matrix consists of 3618 characters (1605 for matK; 2013 for ycf1). Gaps are coded as missing data.
The aligned matrix was analyzed using maximum likelihood (ML) as implemented in RAxML-HPC Blackbox version 7.6.3 (Stamatakis, 2006) via the CIPRES Science Gateway computing facility (http:// www.phylo.org/index.php/portal/). Analyses were run using default values with 200 fast bootstrap replicates. The resulting bootstrap trees were saved to a treefile, opened in PAUP* (Swofford 2003) , and a majorityrule consensus tree was generated to display bootstrap support values. FigTree 1.4.0 (Rambaut 2013 ) was used to edit and print the best ML tree.
results and discussion
The resulting best ML tree is presented in Figures 1-5; bootstrap (BS) values above 75% are annotated on this tree. Overall, the tree agrees well with previous studies based on plastid and nuclear regions (Górniak et al. 2010) . Subtribe Cymbidiinae is represented by only a single taxon (Cymbidium); it is sister to all remaining taxa. All subtribes (as delimited in Genera Orchidacearum) received 100% BS support (except for Stanhopeinae), but most relationships among subtribes lack BS support.
Eulophiinae - (Fig. 1) . Out of the nine genera recognized in this subtribe, our sampling included the only two Neotropical genera; the majority of species are from the tropics of Africa, Madagascar, Asia, and Australia. Eulophiinae are weakly sister to Catasetinae in the single ML tree.
Catasetinae - (Fig. 1) . Recent molecular phylogenetic studies (Batista et al., In press) place the three species of Cyanaeorchis Barb.Rodr. in Catasetinae; it is sister to Grobya Lindl., and they are sister to all remaining Catasetinae. Our sampling includes five of the seven genera, with Grobya and Mormodes absent; other phylogenetic studies confirm Grobya as monophyletic and a member of Catasetinae (Monteiro et al. 2010) . Unpublished ycf1 and matK sequences for Cyanaeorchis arundinae (Rchb.f.) Barb.Rodr. and unidentified Grobya species (Whitten and Batista, unpubl.) confirm these relationships. Oscar Peréz (pers. comm.) also reported finding plastid/nuclear incongruence among sections of Cycnoches.
Cyrtopodiinae - (Fig. 1) . Our analyses confirm the distinctiveness of this monogeneric subtribe from the vegetatively similar Catasetinae; Cyrtopodium is weakly sister to all remaining Cymbidieae, and not to Catasetinae, confirming the relationships found by Pridgeon and Chase (Pridgeon & Chase 1998 ).
Oncidiinae - (Fig. 1) . Our sampling of Oncidiinae was minimal, including placeholder representatives of the major clades within the subtribe; a much more extensive sampling based on matK/ycf1 plus other regions was presented by Neubig et al. (2012) . Oncidiinae are in a highly supported clade that includes subtribes Eriopsidinae, Zygopetalinae, Stanhopeinae, Coeliopsidinae, and Maxillariinae but relationships within this clade are poorly supported.
Eriopsidinae - (Fig. 2) . Dressler (1981) included Eriopsis in Cyrtopodiinae on the basis of floral traits and pollinarium structure but later regarded it as incertae sedis (Dressler 1993) . Szlachetko (1995) created a subtribe to accommodate this anomalous genus; our trees confirm its uniqueness relative to other subtribes. Zygopetalinae - (Fig. 2) . Our results are largely congruent with our previous study (Whitten et al. 2005 ) based on matK/trnL-F/ITS data, although there is less support for many genera. The nonmonophyly of Warczewiczella is unusual, and might be due to mislabeled DNA samples; resampling with new collections is needed. Relationships within Dichaea were clarified by Neubig et al. (2009b) . Subtribe Vargasiellinae consists of one genus with two poorly collected species, one from the tepuis of Venezuela and the other from eastern Peru. We were unable to obtain DNA of these taxa. Dressler (1993) included Vargasiella C.Schweinf. in Zygopetalinae but suggested it might warrant subtribal status. RomeroGonzález and Carnevali (1993) validated the subtribal name and suggested that it should remain in its own subtribe pending better specimens and molecular data. Recent collections and DNA sequences of Vargasiella peruviana C.Schweinf. place it with high support in Zygopetalinae in an unresolved clade with Warrea warreana (Lodd. ex Lindl.) C.Schweinf. and Warreopsis spp. (Szlachetko et al., in press; M. Kolanowska, pers. comm.) . Vargasiella is sister to Warrea but with weak support. These data confirm Dressler's intuition (Dressler 1993 ) regarding its subtribal position; therefore, Vargasiellinae should not be recognized.
Coeliopsidinae - (Fig. 3) . Our sampling included one species of each of the three genera comprising this small subtribe. The subtribe is highly supported but weakly sister to Stanhopeinae in agreement with Whitten et al. (2000) . Stanhopeinae - (Fig. 3) . Although the circumscription of generic boundaries within this subtribe are highly congruent with morphology-based classifications, this subtribe has the lowest BS support (87%). The odd monotypic Braemia vittata (Lindl.) Jenny is sister to all other genera. These data are highly congruent with the trees of Whitten et al. (2000) , but the placement of Sievekingia requires more study. In the Whitten et al. (2000) analyses based upon matK/trnL-F/ nrITS, Sievekingia is strongly sister to Coryanthes. In the plastid matK/ycf1 trees, the single sample of Sievekingia is sister to the multiflowered clade of Stanhopea (creating a paraphyletic Stanhopea). More extensive sampling with nuclear and plastid regions is needed to resolve this, because it appears to be one of the few instances of conflict between nrITS and plastid trees in Cymbidieae. One possible source of error within the Stanhopea/Coryanthes/Sievekingia clade is from missing data in ycf1 for Coryanthes; the 3720F primer did not amplify for Coryanthes; consequently, about half of the ycf1 sequence data are missing for Coryanthes species.
Maxillariinae - (Figs. 4, 5) . Relationships within Maxillariinae were addressed in greater detail by Whitten et al. (2007) , Blanco et al. (2007; 2008) , and Blanco (2013) (Fig. 4 & 5) Stanhopeinae (Fig. 3) Coeliopsidinae (Fig. 3) Zygopetalinae (Fig. 2) Eriopsidinae (Fig. 2) but the two data sets recovered the same major clades, supporting the generic concepts presented by Blanco et al. (2007) . Our sampling included two individuals of several species; in each pair, there are nucleotide differences separating the two, indicating that ycf1/ matK is often capable of resolving not only closely related species but also intraspecific variation. Several taxa not present in the 2007 sampling were added to this study. These include Cryptocentrum beckendorfii Carnevali and Maxillaria cacaoensis J.T.Atwood. Cryptocentrum beckendorfii, an anomalous species with large pseudobulbs, is placed within Cryptocentrum with 100% BS support (Fig. 5) Oncidiinae (Fig. 1) Cyrtopodiinae (Fig. 1) Catasetinae (Fig. 1) Eulophiinae (Fig. 1) Cymbidiinae (Fig. 1) cacaoensis is sister to C. cucullatum in our ycf1/ matK trees (Fig. 5) , and requires a new combination in Camaridium. It was erroneously transferred to Mapinguari Carnevali & R.B.Singer by Szlachetko et al. (2012) . Morphologically, it resembles a dwarf C. cucullatum, and the capsule has apical dehiscence, a trait shared by all Camaridium species for which we have observed mature fruits. Based upon these molecular and morphological data, we transfer this species to Camaridium. Oncidiinae (Fig. 1) Cyrtopodiinae (Fig. 1) Catasetinae (Fig. 1) Eulophiinae (Fig. 1) Cymbidiinae (Fig. 1) 
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Basionym: Maxillaria cacaoensis J.T.Atwood, Selbyana 19(2): 254. 1999 (1998, pub. 1999) . The Whitten et al. (2007) and Blanco et al. (2007) classifications of Maxillariinae were based upon analyses of nrITS/matK+trnK/atpB-rbcL spacer for over 600 individuals. An alternative classification was published by Szlachetko et al. (2012) . The Szlachetko classification was based on analyses of a 249-taxon nrITS matrix that is largely congruent (though less resolved) than the Whitten et al. trees. The resulting Szlachetko classification accepts most of the genera proposed by Blanco et al. (2007) but splits many of them to increase the number of genera from 17 to 37.
A detailed, genus-by-genus critique of the Szlachetko et al. (2012) classification falls outside the scope of this paper, but we reject the generic concepts presented in their paper. Szlachetko and coworkers reject monophyly as a criterion for generic rank; therefore, many of their genera are paraphyletic Oncidiinae (Fig. 1) Cyrtopodiinae (Fig. 1) Catasetinae (Fig. 1) Eulophiinae (Fig. 1) Cymbidiinae (Fig. 1) or polyphyletic as plotted onto any molecular or morphological tree and are based on idiosyncratically selected morphological characters (floral and/or vegetative), often without molecular data or with contradicting molecular evidence. classification produces genera that are easily suited to production of dichotomous keys, because any morphologically anomalous species are automatically placed into another genus. Because there is no objective basis for selecting "critical" characters that define genera, their classification is without merit.
conclusions
The matK/ycf1 data produce trees that are highly congruent with the classification presented in volume 5 Genera Orchidacearum. Most subtribes have high bootstrap support, and generic relationships are congruent with previous molecular studies. In comparison to plastid intron/spacer regions (e.g., trnL-F, atpB-rbcL), these coding regions can be aligned with much more confidence across larger taxonomic groups (e.g., tribes), especially if they are aligned using amino acid translations. This combination also appears capable of providing species-level discrimination in some genera, although more detailed sampling is needed to evaluate this fully. In terms of sequencing ease and cost effectiveness vs. phylogenetic resolution, the combination of matK/ycf1/nrITS may prove efficient within Orchidaceae. Nevertheless, these plastid trees fail to provide resolution and support of relationships among subtribes. Givnish et al. (2013) recently utilized complete plastomes to estimate phylogenetic relationships among 39 orchid taxa. Although only a few subtribes of Cymbidieae were represented in their data set, subtribal relationships were still unresolved. Their results imply that the addition of more plastid genes with the objective of resolving these nodes may be futile and that these relationships will only be resolved by the addition of nuclear data sets. Clearly, much more data are needed before we fully understand the patterns of evolution within Cymbidieae.
We hope to add more representatives of Cymbidiinae, Eulophiinae, and Catasetinae. Catasetinae might provide an excellent system for study of the evolution of diverse floral reward systems; it includes five genera that are all androeuglossophilous fragrance-reward flowers (Catasetum, Cycnoches, Clowesia, Dressleria, Mormodes); these five genera are sister to Galeandra, with nectar deceit flowers, to Grobya, with oil-reward flowers (Pansarin et al., 2009) , and to Cyanaeorchis, with unknown pollinators.
Previous attempts to utilize molecular clock methods to estimate the age of subtribes within Cymbidieae (Ramírez et al. 2011 ) utilized more limited taxon sampling that was biased towards androeuglossophilous taxa. Our more complete sampling of generic relationships based on more sequence data might warrant reexamination of these age estimates.
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